Polyadenylated RNA was isolated from total RNA extracted from cotyledons of ungerminated or 18-hour-germinated chick-pea seeds by affinity chromatography on oligo(dT)-cellulose. Both poly(A)-containing RNA fractions exhibited a template activity when assayed in two cell-free translation systems, wheat germ extracts, and nuclease-treated reticulocyte lysates. Translation of preformed mRNA from cotyledons of dry seeds was completely abolished in the presence of several inhibitors of polypeptide chain initiation and also in the presence of the two "cap" analogues m7GTP and m7GMP. The patterns of polypeptides synthesized by translation of poly(A)-containing RNAs from cotyledons of ungerminated or 18-hourgerminated seeds, in the wheat germ system, analyzed by electrophoresis and autoradiography, were similar but not identical. It is concluded that cotyledons of dry Cicer arietinum L. seeds contain preformed mRNA.
The resumption of growth by a seed requires water and a suitable temperature. During imbibition there is a dramatic increase in metabolic activity. An essential step during these earliest stages of seed germination is de novo synthesis of proteins, probably mediated by a preformed mRNA (7, 15, 35) as showed by its independence of de novo RNA synthesis (34, 35) . While the presence of preformed mRNA in embryos is well documented in the literature (3, 4, 6, 7, 16, 20, 21, 28) its presence in cotyledons is not so well established ( 18) .
As an approach to this problem, we describe in the present paper the isolation from cotyledons of ungerminated dry seeds of Cicer arietinum of a polyadenylic-rich RNA with messenger characteristics, as shown by its ability of translation in two systems of in vitro protein synthesis: wheat germ extracts and rabbit reticulocyte lysates. In addition, the in vitro products were analyzed by polyacrylamide gel electrophoresis and autoradiography.
MATERIALS AND METHODS
Plant Material. Cotyledons of C. arietinum L. obtained either from ungerminated seeds or from seeds germinated for 18 h were used. Seeds of C. arietinum were soaked for 5 min in 0.1% NaOCl and washed thoroughly with sterile distilled H20. They were germinated in the dark at 25 C on moist filter paper in Petri dishes Supported by grants from Comision Asesora de Investigation Cientifica y Tecnica (Spain).
and then separated into cotyledons and embryos after removal of the seed coat.
Preparation of Total RNA. Chick-pea cotyledons were suspended in 0.1 M Tris-HCl (pH 9.0) containing 0.1 M NaCl, 10 mm EDTA, 0.5% SDS, and 2 mg/ml bentonite, at the concentration of 0.6 g (wet weight)/ml, and homogenized in Omni-Mixer.
Redistilled 80%o aqueous phenol was added to the homogenate and the RNA extracted for I h at room temperature. After separation of phases by centrifugation at 5,000g for 10 min, the phenol phase was reextracted with one volume of the extraction buffer. The combined water phases were extracted twice more with 80%o phenol. The final water phase was made 0.2 M with respect to K-acetate (pH 5.0) and the RNA was precipitated by addition of two volumes of ethanol. The separation of the RNA from the large amount of carbohydrate present in the precipitate was as described previously (24) . The ratio A260/A280 for all RNA preparations was 1.9:2.1.
Isolation of Poly(A)-Containing RNA. For separation of poly(A)-RNA2 containing RNA fractions, total RNA prepared as outlined above was submitted to affinity chromatography on oligo(dT)-cellulose (Collaborative Research Inc.) essentially as described by Aviv and Leder (1) . The RNA fractions were dissolved in 10 mm Tris-HCl (pH 7.5) containing 0.5 M KCI at concentration of 50-100 Am0 units/ml. Material not retained was eluted by washing with application buffer and precipitated with two volumes of ethanol. The poly(A)-RNA was eluted with 10 mM Tris-HCl (pH 7.5), made 0.2 M in K-acetate (pH 5.0) and precipitated by addition of two volumes of ethanol at 20 C. After washing with ethanol and ether, the precipitate was dissolved in sterile distilled H20 and stored in aliquots at -70C. The ratios A260/A28o and A26o/A2T for all RNA preparations were around 2.
The concentration ofthe RNA was estimated by A260 measurement (I mg/ml = 24 A260 units).
Translation in Rabbit Reticulocyte Lysates. The template activity of the poly(A)-containing RNA fractions was assayed in a messenger RNA-dependent translation system prepared from rabbit reticulocyte lysates (22) . Just before translation was carried out, endogenous mRNA was degraded as follows: freshly thawed lysate was made 0.1 mg/ml in creatine kinase, 25 uM in hemin, 1 mM in CaCl2, 3 ,ug/ml in micrococcal nuclease (30, RNA fraction as indicated. After incubation at 25 C for 60 min, 5-,l samples were withdrawn and the amount of radioactivity incorporated into hot acid-insoluble material was determined as described (32).
Product Analysis.
[mS]methionine-labeled translation products were analyzed by SDS-polyacrylamide gel electrophoresis. After incubation, reaction mixtures were made 62.5 mm in Tris-HCl (pH 6.8), 2% in SDS, 10%Yo in glycerol and 5% in 2-mercaptoethanol, and heated for 2 min at 100 C. Aliquots of 15-25-,il were subjected to electrophoresis on 10-20%1o polyacrylamide gradient gel slabs according to Laemmli (14) , followed by autoradiography using RNA fractions obtained by oligo(dT)-cellulose chromatography of total RNA from cotyledons of 18-h-germinated seeds was tested in a cell-free system derived from rabbit reticulocytes. The poly(A)-RNA fraction was shown to support protein synthesis in reticulocyte lysates (Fig. 1) . RNA not retained on the column also had messenger RNA activity. The specific activity of this fraction was much lower than the poly(A)-RNA. However, it was still significantly above the endogenous level of translation and accounted for an appreciable percentage of total mRNA activity present in cotyledons of chick-pea seeds (unpublished data).
Optimal conditions to translate poly(A)-RNA in the mammalian cell-free system were established. As shown in Figure lB, lished the presence of mRNA in cotyledons of 18-h-germinated seeds, we next looked for mRNA in cotyledons of dry chick-pea seeds. Figure 2 unequivocally demonstrates that there was a preformed messenger RNA in ungerminated cotyledons. Protein synthesis activity in nuclease-treated lysates was stimulated 6-fold over the endogenous level by the addition of 3.5 Mug of poly(A)-RNA in 30-IA1 reaction mixture (Fig. 2A) . The amount of mRNA in cotyledons of dry seeds was found to be equivalent to the amount present in cotyledons of 18-h-germinated seeds, despite the lower specific activity (cpm/,ug RNA) exhibited by the RNA fraction prepared from ungerminated cotyledons (Figs. IB and  2A) . To demonstrate further the presence of mRNA activity in dry chick-pea cotyledons, poly(A)-RNA was used to program a cell-free translation system prepared from wheat germ (Fig. 2B) . Net [mS]methionine incorporated into protein perMug of RNA was about 40-fold higher in wheat germ extract than in reticulocyte lysate (Fig. 2, A and B) . The lower translation efficiency exhibited by the mammalian system could be due to some impairment of Plant Physiol. Vol C. arietinum dry seeds is translated in both systems.
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Effect of m7GTP and m7GMP. The mRNAs of most eukaryotic / cells and their viruses contain the 5'-terminal "cap" sequence / o m7G(5')pp(5')Xmp (29) . Although the exact function of the 5'-*2 terminal m G residue in protein synthesis remains unclear, it has / been suggested it is essential for translation of the mRNA (29, 8 ' 30). One of the arguments to support this hypothesis is the observed inhibition of translation of capped mRNAs in wheat .o germ system in the presence of 5'-phosphorylated derivatives of 7-X methylguanosine (13) . We have investigated the effect of two 2 "cap" analogs, namely m7GTP and m7GMP, on the translation of 4 cn mRNA from cotyledons of dry chick-pea seeds in wheat germ and "' reticulocyte cell-free systems. As shown in Figure 3 , at concentrations at which GTP or GMP did not affect protein synthesis activity, the corresponding analogs m7GTP and m7GMP did affect Table I shows that edeine A, pactamycin, and harrington- uncapped viral mRNA can be translated in wheat germ and reticulocyte lysate systems and this translation is also blocked by analogs of the 5'-en4 such as m7GpppAm.
Analysis of the in vitro Translation Products by Polyacrylamide Gel Electrophoresis. Products made by poly(A)-RNA fractions from cotyledons of ungerminated or 18-h-germinated seeds, upon translation in reticulocyte lysates or in wheat germ extracts, were analyzed by SDS-polyacrylamide gel electrophoresis and autoradiography. Figure 4 shows the densitometric profiles of the autoradiographs of the translation mixtures when wheat germ extracts were programmed with both mRNA. Approximately 25-30 radioactive bands were clearly detected in both cases (Fig. 4, I and II) .
The mol wt of these products, estimated by comparison with protein markers of known mol wt, ranged from about 12,000 to 55,000. The banding patterns obtained were similar independently of the mRNA used. Some radioactive bands were synthesized in response to only one of the mRNA preparations. For example, bands e, f, j, k, o, and p appeared only in response to mRNA from cotyledons of dry seeds, whereas bands b and c were specifically coded by mRNA prepared from cotyledons of 18-h-germinated seeds (Fig. 4) . The above results may suggest that the mRNA population present in cotyledons of dry chick-pea seeds does not change much during the germination period studied here. Nevertheless, there were few cases in which mRNAs disappeared as germination progressed. We may speculate that these mRNAs are responsible for the synthesis of proteins required during a very early period of seed germination.
A similar banding pattern was obtained upon translating these mRNAs in reticulocyte lysates (data not shown). This result suggests further that translation of mRNAs from cotyledons of chick-pea seeds is initiated properly on mammalian ribosomes. Translation of plant-specific messenger RNAs in reticulocyte lysates and Xenopus laevis oocytes have been reported previously (23, 27) . that protein synthesis is essentially inactive in spite of the presence of preformed messenger RNA (3, 4, 10, 12, 20, 26, 28, 31, 33) . Although there is considerable information available to demonstrate the presence of preformed mRNA in embryos of ungerminated seeds, very little is known about its presence in the respective cotyledons (18) . Gordon and Payne (10) have shown the existence of long-lived mRNA activity in dry seeds of several plant species. Inasmuch as these results were obtained with RNA extracted from the intact seed it is impossible to reach any conclusion about the localization of this activity.
We are interested in understanding the molecular events of gene expression occurring in cotyledons of chick-pea seeds during the earliest stages of seed germination. As a first approach to this, we have looked for the existence of preformed messenger RNA in these cotyledons. Cotyledons from ungerminated C. arietinum L.
seeds contain a fraction of polyadenylic-rich RNA, which exhibits template activity when assayed in two cell-free systems, wheat germ extracts and reticulocyte lysates (Fig. 2) . That the stimulation of protein synthesis observed in both systems, in response to chickpea mRNA, is not an artifact, is sustained by the fact it is completely abolished not only in the presence of inhibitors of polypeptide chain initiation (Table I) but also in the presence of m7GTP and m7GMP (Fig. 3) , two "cap" analogs (13) . We conclude that mRNAs of dry cotyledons of C. arietinum L. seeds contain 5'-terminal 7-methylguanosine residue as other mRNAs from eukaryotic cells and their viruses (29) . However, a direct analysis of the sequence of the 5'-end of these mRNAs should be done to confirm the above conclusion (2) .
We have observed that the RNA fraction not retained on oligo(dT)-cellulose after two consecutive columns also has messenger RNA activity (data not shown). Although the specific activity of this fraction is much lower than the poly(A)-RNA, the amount of poly(A)-lacking RNA represents a significant percentage of the total mRNA present in chick-pea cotyledons. Coexistence of nonhistone mRNA lacking poly(A) with poly(A)-RNA has been reported in sea urchin embryos (19) and HeLa cells (17) .
Artemia salina embryos (31), ungerminated seeds (10) , and plant leaf tissue (11) were found to have an appreciable amount of mRNA without poly(A). In the case of plant leaf tissue, it was shown that the two classes of messenger RNA coded for the same major polypeptides (I 1). The significance of the poly(A)-mRNA of C. arietinum L. cotyledons and its relationship with poly(A)-RNA is, at present, unknown. Experiments are in progress to distinguish whether this poly(A)-lacking RNA is just a degradation product of poly(A)-RNA or represents a different class of mRNA.
It is known that messenger RNA synthesized during oogenesis is used in sea urchin and other embryos to direct protein synthesis during early development (12) . In contrast, the role in germination of preformed mRNA present in ungerminated seed embryos is still a matter of controversy. Several reports have presented some evidence that it directs most of the early protein synthesis in germinating embryos (16, 20, 34, 35) . However Cheung et al. (5) have suggested that protein synthesis is dependent on RNA synthesis during the early hours of germination of wheat embryos. The role of preformed mRNA of ungerminated seed cotyledons is much less understood. Mori et al. (18) have shown that mRNAs for the major components of a soybean storage protein exist in the poly(A)-RNA obtained from the cotyledons of soybean seeds. In an attempt to understand the function of the mRNA isolated from chick-pea cotyledons, we have analyzed the products made in vitro by this mRNA and compared them with the products coded by mRNA obtained from cotyledons of 18-h-germinated seeds. As the banding patterns are similar (Fig. 4) , we conclude that the mRNA population present in cotyledons of dry chick-pea seeds does not change too much during the period of germination studied. There are few cases in which mRNAs disappeared as germination progresses. These mRNAs could afford the synthesis of proteins required during an early stage of germination. Payne et al (21) found significant changes in translational products when they compared mRNAs from seeds at 2 h and 24 h after germination. Since the mRNA used was obtained from the whole seed it is not possible to correlate their results with the data presented in this paper.
